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(57) Abstract: A method for producing a com- 
pound single crystal involving reacting a gaseous 
raw material and a liquid raw material, wherein the 
compound single crystal is grown with agitation 
of the liquid raw material in such a manner that 
a flow is formed in the liquid raw material, from 
the gas-liquid interface, at which the gas and the 
liquid contact with each other, to the inside of the 
liquid raw material; and an apparatus for use in the 
method. The above agitation allows the easy dis- 
solution of the gaseous raw material into the liquid 
raw material and the achievement of a supersatura- 
tion state in a short time, resulting in the improve- 
ment in the grow rate of the compound single crys- 
tal, and further allows more uniform dissolution 
of the gaseous raw material through the formation 
of the flow from the gas-liquid interface having a 
high content of the gaseous raw material to the in- 
side of the liquid raw material having a low con- 
tent of the gaseous raw material, resulting in the 
inhibition of non-uniform generation of nuclei in 
the gas-liquid interface, which in turn leads to the 
improvement in quality of the resultant compound 
single crystal. As a result, the above method for 
producing a compound single crystal can grow a 
large single crystal having a high degree of unifor- 
mity in a short time with an improved grow rate. 
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m m m 

[oooi] *&mt±. fc&vom-m&nwmjjm. ^mti^m^mmmm^m-r^o # 

WAS* 

[0002] mttfVVJ* (GaN) ft£©inJ££>fbWb^¥¥# (WT, IIli^MW^t: 

\<"(%:}£teJ&m£tl. *fc. Wfe^^V^— K(LED) tt % ^^W^fla^^if 

[0003] LD^LEDffl(DIII^^b#)¥^f*(^!JX.«\ GaN) ©Sift, Jifff, f-^T-TT^ 

^fifcSSfc(MOCVDifc) , *#>fb«|^^&(HVPEifc) . ^^^t^^rv— 
Sfc(MBEifc))fci?J&Sifc3„ 

[0004] ^^t°^=3r^/^ft-e«jfe<, ^-e^^^ft^ff5^m^ft$ttT 

^ffij^_h-efc6fcfe. GaN^ffi-e^ft$i3r^fc^^«1200°C(1473K) 
-C8000^CflH(8000Xl. 01325 X 10^a)<D4kft&&&b&tlX%ft„ £*U£*tU 
jff^, Nat£t£<DTsVjjy&m&79iy?Xtl^Xm\<^Z-tX\ 750°C (1023K) , 50 
MJE(50X1. 01325 x 10 5 Pa)b\s^&&&i&Mi&)±XGaN&&)&X^%Z.bt)m 

[0005] Mcj&X*\X, T>^^T&^t?mmtfxmmUTKm^XGatNab<Dm^&800 
°C(1073K), 50^CJEE(50X1. 01325 X 10 5 Pa) £ ^jfiMMft (JBSCPNK) 
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[0006] Htc, i^^T-rTS«_h^^^MM+B^^(MOCVD: Metal Organic Che 
mical Vapor Deposition) fi^ioTGaN^^HJi^illL^KD^. ^Bj^ft (LP 
E: Liquid Phase Epitaxy) m^£^XW^Mi&l$M:£ J £Z>j}fehW.^nX\,^ 

o 

[0007] WT(^ Na^^(DT/V^y^JS^75/^^LTfflV^GaN|S^(7)TO^m^ 

Si-S/ci6(Dj±^;ira^802, l^tTs W^^t5/cfe(DH^W^ (^T^W^SS) 80 
3*5j;^Migg(m^)804^#X.?) o ;*^1^^803<DFWa^ ±U±®80 

%&i-Z)fz.bb<Dmm^y806\n^ sus^(Dwm&m\<-"btvx\^ 0 tososm 

, T/^^-(Al O )^fflV^tl/CV>3 0 m^^804rt(D^«, 600°C (873K) — 11 

2 3 

oo°c(i373K) Kmmx^Zo mmufctm. j±t>m^802K£^xioonf±(i 

00 X 1. 01325 X 10 5 Pa) £lT<V%tWX$mX^& 0 g|8^^oV^, 807te, ^ 

h^vvK/^u 808fi, y— ^#^i~ 0 
[0008] ^^^^-efcSNa^^-efc^M^y^Ai:^, Bfr^ft/c mwo5 

^^JSMffi^S?^: Metal Organic Chemical Vapor Deposition) <9G 
aN^ft$^c^^ir5/h-r§ 0 TO805^^^1x^^803rt^#ALT, m 
M^804rt^ir5/hb, ^^#t|^M801^o^^oTV^§^/^ 0 806^ 
ici-§o Wj^ta^850 o C(ll23K), ^t#HMJ±^30^U£(30Xl. 01325 

x io 5 Pa)£L, soi^rafeir^geBt^w^as-e^LGaN^frH^ft^^o 

3OR#^(^W^0#F^'e^J¥^5O ix m, 96B#^(DW^B#P^"C^/?^700 ^ mCOGaN 
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[ooio] u>*U£&t>, GaN&®frbT%nmmmmMiM*<Dftm-?n, ^^s^v-h 

#fF^Cmi : #^2002-293696^-^^ 

m^-mx^— tmm^^^>ir\ ^ 0 nm^mxmm^m^^t^M^^ 

[0012] ^X\ *mW<D @ h£ft_hU ^^^-te^j^<^^^^^ 

[0013] _hta § *mm<Dm&j7m*. wM^^mm-mt^R^ 

^xik&^w&Mi&mn^^k^w&MitDm^mx&^x, mmnmiz. 

[0014] ^^^S^^^ov>T-5*0W^«rm^ 0 ^<£>ifi©-C, 

mm^m^x, mn^tmir^m^wm^hmmmnm<D\Hm^^xmti^ 
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[0015] naiiiaitt. *»w©54^e©«^©-^s^tii^:ig-cab5 0 

[01O]|H1O«, ^Pj!(DM^^X@(D$^^^(Dffi^!l^i-^|E|-trfe§ 0 
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[a i4] m i4«, «&Bj?£>$g mm^mmmm^mm^-m^-rm^: 

[0016] 101,405,801 WMJf^Wlfa^U 

102, 318, 407, 802 i^tlMM^ 

103, 305, 401, 501, 803 ^KttftOTtif&S^ 

104, 309, 406, 508, 804 Wj&HF 

105, 109, 307, 403, 409, 503, 807 TSc-yf/Wzf 
106,410,808 y— ^# 

107, 306, 402, 502, 601, 805, 901, 1001, 1101 itfi® 

108, 313, 505 ^m^Wjf 

110,308,404 

111,310,411, 509 mf&tt 
112, 311, 412, 510 M— ? 
113,312,413,511 

114,806 mm^u^ 

115,205,315,414 ^MISW 
201, 701 limytM 
202 T/V^y^M 

203, 603, 702, 902, 1003, 1105 T^V-h 
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204 

314 mmmm 

316 mmm®j±mmm^mmmm 

317 wh#w&m. 

318 WLWl 

408 7ls3&rfA"<f? 
504 ^Km^Zf 

506, 602, 903, 1002, 1104 WMm 

507 mmm^^czf 

703 y^y^^WM 
1102 IE 

1103 

1106 C^*& 

1107 wMvtvx&m 

[ooi7] «K^«5t^fe^*5v^, *ni&g«, mmummm<D^xumi-^m 

mmnmmnfoKmh^ mwimmm^^xmmm-^nm^mmwm^ 
mn^mm^xmnm^mmu ~wmx\ mtmnm^mw^^hmmm 

tcvm&i&&ist£<xb, wM^^^m<Dm<DWM^Athxij\\f±nmmci-^ 
z.ttfx$%<DX\ mms^zffrbmvffiL. ^.ti^mm^^t^mtm, mm 
m& ^m^mw-r^t^x^ zxikmu mM<o^^mmm^ ^<omm± 
, wMm^mw-r^-t^mmxh^tco ms^-tmmr^n. sm#* 
w&^M8oitx^uxm^803tj!)K susm^m^4zf806xmm^nxm, 

'(D^^^w^^803^@^^fc^^^oTV>fc 0 *fc, ^5£<£>J;5i-, * 



WO 2005/080648 



7 



PCT/JP2005/002560 



[0018] ^mm^m^mK^^x.mm^^mmir^tK^mmmnm^mw^ 

o 

[0019] *mm<Dmmj?mz&\,^x, mmmmmm^mmir^-tKxmmm^mm 
[0020] *mm<D9mj?mzm^x s wmm^imm^mn^ti. mtmwn^x 

(B)C-^« 

[0021] ^mm(Dm^mc^\^x, mmmmt^xn, m?u-£. &mmm. urn^R 
titmmisti, mmmm^mf±umm^mmx<D^m-^mm^-hmmx^ 

[0022] «0J!<D§^^fe^:ioi^ mm^mayUPttt., y^y^^WM^ts^tmj 

[0023] ^mm^m^m^^^x, mmmffi&wmmm^ £b\mmjfxmmmm% 
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[0024] jz&momk&tikK&^x. mmm^Mm^xmm^m^wM^mvtKu 

[oo25] ^mm^m^m^^^x^ w^^(D^^(Dmw,^\H(DmmwM^^(Dj± 
[0026] *mm<D9mj?mz.&^x. tmmtt&mgmmft. ^bimn^m^m^m 
[0027] &&m<Dm£jjm\z.*3^x. mm^&wmmmfe. £tb\z.mw#x&&mm.& 

mmijmmm^^xmmir^mmmmmmm^t^mir^mm^m^mm, 

u wmmn^w^mmtmmm^t^, ^^yy^^KXoxmmu m 
mMm^m^x^xmm^^M^xmm^mfDWM^mm^u ^vtrnx 
, mmmn^tmmmnmt^R^^xw^^^^m^mx^o & 

, Mmmntf^msmmtMm^tzmmu mm^m^m^mti^x, mm 

[0028] ^k^^&^v^c. mmwMtf^fe, mm^tcnr>^Tco^<bh 
%£MiXfo%~bmtt^\ ft*3, tiifBiii^Tc*^, imm&m&x®Lmvx-k^^ 
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[0029] ^mm(Dm^mcm^x, mmy^y^wMi^ TMv^m^xxir/v^j 

tmm^x-Zo Rfo®-m^mwm<D^~?~&mtttffc.bLx^ mmR 

w~rz>z.b\mmx%>otz. 0 rtu^u ^mm^m^mxn, mtmnm^m 
wirz>z.b&x^z>(DX\ mmr/i<%})&m^T/i'W±M&m<DmmK3o\,^xh, 

?J»ftb*$:m^^Z.btfX%Z> 0 wimT/is%V±M&mbL,Xfe, Ca, Mg, Sr 

[0030] &&m<DW&ft&K*5^X. WtfEt^ftK.Mfi&ZAlGaln N(fc/cU 0^ 

u v 1-u-v 

[0031] *mw<&wmj?W:x^ wffi&&ftte$s^x, m&T>r7i'~h(Dfflg,*:<Dm<o 

[0032] s^m<owkJ3Wte3s>\*x^ mu^ft\mwwtm.is^ tuiKr^v— h& 
, wfcr>-7\s—vx-h i o. mw#w&ma&mm^xt^mxnn&fox\^ 
^.bmm^\ tut, t^^v-h^v^*^^(o$^i^oi©i^ 

i#ifih<Dmmm&mz±LXfcW:mxmmu mmmw^mm^mw^ih^m 
mu mmMm^m^x^xmm^^Mmi^xmmwm^mn^wm^ 
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[0033] *mm(D9mjjmz&\,^x, mmmmmK mmm^T^u-Hz.Mvx^n 
[0034] ^mm<Dm^mx^ fc&mm$&<D&&&T&. mmmm^ 

[0035] *55M©5Kt^*fei!i*5v^, mm^t<Dm<Dmnm-dK ^<tb^fu^^xxj^r 

HftiaflfJ^, 300*0 (573K)^±-e*>5^i:^j;t)0*b<, itufB^PMS/^ 500°C( 
773K)U±Xh^t^h^0^^\ 
[0036] *5IM©5Kt^«fel!:*5V vC, BUlBlII^^^ J.CDJ&ft hte, 30 m/ 

&L±x&z>z.b&£.mt^<, mmiimmtm^fD^u—hit, loo/zm/Bt 

[0037] 2^^©5Kt^jSfeJc*3V^, tfrlB*8ftrt©tfrlBIS|sf^©JEE^;ri, 5^U£(5 x l 
. 01325 X10 5 Pa)J^_h 1000^01(1000 XI. 01325 X 10 5 Pa) £kTXh&Z.bfc 
0i£L\\ Mf±ir^tX\ mmmfc^<DMmmmrfx<DMMA$:m j $>ir^btfX 

[0038] ^W^J^frSclCfeVvT, fiffEM^MF*!^ ^tfetf*tfS^*&*VCV^ 
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[0039] jz&mfDm&jfmz&^x, mm^m^wM^^m^^^ti^m^^ 
wc\ m#$nsttriB^fy^Aom*x(g)*3j:tj«^*a(=69. 723) ^lt, 

fB^^)rt^#:a^V(y^h/v) % (^S©^) 0#<£>#B^J£^£P (Pa) % 
DSr«S-t-«rfc3&S0*b<, TiE5£(2)£ffiM^:£asj:W3UX, TfE5£(3)£- 

VX (P/l. 01325 X 10 5 ) X (Tl/T) > (X/2a) X 22. 4X2 (1) 
VX (P/l. 01325 X10 5 ) X (Tl/T)>(X/2a) X 22. 4X5 (2) 
VX (P/l. 01325 X10 5 ) X (Tl/T) >(X/2a) X22. 4X10 (3) 
[0040] *3SM©5Kt^«fe'Ctt, ttflE^^jg^S^V^T, MfBM^g^M£ 

m^mn^^<bh-^mM^\^m^h^bmj^^\ wtmmwti, 

[0041] *»M©5Kt^ifel!l*5V^, Hi|fEiaW»rt#{*, 3mmJ^T-efc§-i:^W*b< 
[0042] *»«o^iSiggtt±, ^Wo«3g^fetJ:ftffi$n«^S»i3t3S1S-e 

[0043] *»M©m3BfS3fi3t3sei!:*5v^, mmmmmbbh^mmmmmmir^ 
bmtt^\ 

[0044] ^»w©^«f fi»a§3Siei!:*3v vt\ tmmhtvxtt, Mtttt. fflhmm, m.m 
[0045] ^mm^w&Msm&mmKm vr, triB*«rtsiJiJ^pa^as:«$^ huse^ 

rt^^i(;rtlS©^*<tt-*^\ TIB© (A), (B), (C)43j;tf(D)a>£>fc5# 
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(B)IM>*K 

[0046] *»M©^L|SSK3tSiSl!:43V^, ftfiE^te, -^^fci^&h^Sl-ift 
±^M^tf#^^f*. Mfttt. W^aS^700°C(973K)^_h^bfc^, ^ 

[0047] ^mm^m^m^mm^^ ^-c, m w^^esr^tp^ir^^u 

[0048] *5IM©m3feSK3tSiai!:*5V vt\ gff|E^i:BfflE^^#fc^g^«, £tt 
[0049] *mm<Dm®i£kmtmW:Km vt\ Sfcfc:, 7V^^;w^^, ^TU^ 
[0050] *5SM©^fi3K3t36iai!:*5V^, £fb^ I^MffiofSi^^Si* 

is*, mmmm^fmmtmmmmmm&fox^ ^-ob £v \ 
[0051] *mw(Dmm<Di&ntL,x^ ^mm^t^mm^m^m^-mK 

[0052] *»M©llEK^>fb«J^3KfS©5!t5t^«fe-CH:, fllfcfi, £f*f Sr£tf#iaM 

< SilOOO^UE (lOOO X 1 . 01325 x 10 5 Pa) ^T©iPff#fflt) TC3ol ^r, Illge 

[0053] (HM^l) 
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m^mm^^txmmm^m^mmm^hmm^^mxh^o wr, *m 
M(om&mn<o-' m. te£mK%m\^m^fe<D~m\^\^xmn~tz> 0 
[oo54] MfiE®i5t^e«. mwtfxt&mirztcib&mntfxfcifcmm. wj?e#is^je 

^.x^mmx^, mm, m^<D^h^^\ mmmsiBmm^m^m^ 

2 3 

M g o, cao, w/^^v^^t^^5o mmimmmma^ m*.t£. mmntt 

[0055] J]\immm(ii)&P) F^OfiStt, 600^(873K)-1100°C(1373K) K 

mmx^Zo w^mui±tnt, je^phss^o-c. 09*.tf, iooo^jkiooox i. o 
1325 x io 5 p a ) uT<Dffimxmmx%% 0 mmm&jmtifo&&<DmffiL'& s & 

[0056] TOOcp^, 775/^tbT(DT/V^y^Mt, IIIJ£7C3ff£&Jf AU ^Wttftffi 

mm^^nm.-r^tafix^o mm^mmm-m^x\ wmjmwvv^ 
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±M&m&^tl%k, 700°C (973K) ^_h<Di^aT-e{*-?:^^:ffi^^<^ 

tab, mm^ mm^mmt^^mM^^z^tm^mnm^m^vxv^ 

5o #!J;U3\ ^by^<Z5800°C(1073K)T?(D|^ffite, 300Torr (300X133. 32 

2Pa)-efe(9, mtmmm^hv^^^m^, ittifE?M^^io o c(=ioK) 
skT-v&frfflzbAszmM* mmztifo 2o°c ( = 20K) sx±xnmm^mm 

[0057] mmmnmte, mn^m^UAvmmir^tKXoxmm^in^o um^ m 

Xji, 700°C(973K)-1100°C(1373K) IzMMZtlZo ^^Sr^tfM^ 
^MU^tm, MZ.^. ltff(lXl. 01325 X10 5 Pa) — 1000^U£(1000X1. O 

1325 x io 5 p a )nm^mm^n^o mtmnm^nmi^t'^ mmmmm^m 

[0058] ftffE^PWa*. TX^-h^ALttiV \> T^ls—bt^ ^T^Tte 
if^*«±^li^^Al Ga In N(fcfcL, O^u^l, O^v^l. 0^u+v^l)-C 

u v 1-u-v 

m^n^mi^m^jfm^tch<D^>, Ga in no^u o^u^ 1, 0^ 

u v 1-u-v 

[0059] #ci^ m2&m v n-c, ttffBMat^Kffl v ^cin«^^#/^^(Digit^&^-f?fj 

[0060] 02(a) ^-TJ;5^ i«107^ ig^f-efc^III^^^201, 7^y?XX&Z>T/^ 
%V&m202$o£Xfy-7T'(Tmm±\Z.m.)&^Al Ga In N (fcfcU O^u^ 1, O 

u v 1-u-v 

1, o^u+v^ 1) -e^$^^f*jB^i-§^^v— h203^}f A-T^o 
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[0061] mz. 02(b) K^irx^K, m^io7&mm\±Mj±mm&mo3KWAu ±m 
[0062] ^Mtt»ffi»f^^io3^^^«i^g (m^-fr-f ) izmnu 
h^l-cw^i^ v—?y—tf>-y*?j:¥x*mm&mfcmm&mo3fa&M^\^ 

[0063] 02(c) {ZT^irX^ ^h^VV^109^^C-C, §]«9ilLf^l08^^-f 

-rr£-c\ -gj«9iii-„ 

[0064] &*5 % ^n— ^V^ft^C^^^AU J*hy:7WK/109^|flC 
[0065] Jfcfc, ^Wtt»ffi»l^^l03^, »igg(W^) rt^H^-T^o JlOSfcZ^ 
.fcoT^ffrfStf^ #lj;t}^ ta^^700°C(973K) — 1100°C (1373KK 0;£b<te 

7oo°c(973K)— goo^diys^^^a-eWj^^^So BE^fs, iMJE(i x i 

. 01325 xi0 5 Pa)J^._h, £?£L<f35^U£ (5 x 1. 01325 X 10 5 Pa) W_hl000^U£ 
(loooxi. 01325 xio¥a)OT^m>ti<5o WJ$?M^#Si-&r^J;9J^|sf 

[0066] &*3, fimmm ( wj^^o ft ^^tt^^^^^-cv ^~^w*lv >„ ^ 
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2 

[0068] H6^ffl V D§0|Sfi£<Dflfc#flMB fclol >-CffcW1-5o «C*6 fcl, 06 (a) K^irX? 

*5(ia6(b)— (d)) 0 

[0069] ^>-^V— h603^i#i^601(Z)Tffii-@^bTV>§75^ *©§-p, MM 

[0071] H9fi, m»»+«^V^V— h902^, ±H-i^90lrt^jSffi^W(-^ebfc^ 
l^LTV^o 09(a)l4, ^^^9011^^^902^^^^— h9 

©IiiC*W902fcKHfc^J<7V— h903(D^B^LTV ^ Q T/V#y^«i:III^5u?!t 
#*P1-5^rau JR*S1-5o 09(b) 
«^>-^V-h903^^PP(D^[B]^^«^i-§ o r<Dj£ 
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[0072] ±.W.(Dt&m&£\^ miO\Z0rr£5K, »^«^^U-M003^r, TO 

iooi (omm \z$m% \^xttMMxnuir^b^m^\J^o 
[oo73] mm ) &mi±mm^m^'r)(D\Hm^ TOiooi^i^hi-^o m^, &m\$. 

mm^m^mn^^Air^m^^o TOiooiopwm, mmx&mi 

— moo3^ n giio(a) K^k-r i^miooicomm^^m^xt^rnxm 
g-r^o tzte, Hio(a)f*, mvt^^—bioo3&m^fafrh&fcmmmxfo% 0 
[0074] mm\mmmm^m^ammm(^^) ^m^m^-r ) , b^m^w^ms 

^^^W^ffi^f-^^.ttflE^^CW^^^^TOiooi^^^l!] 
^m^b»#$^(Ell0(b)-(d)) o ^jb\ HlO(b)-(d)te, 
UWr>-7^— M003^IEB^^^7ciEBIl|-efe§ o 
[0075] H 10(b) -(d) J5§0|«^ tk^^V-M^LTW^ft^ 

[0076] -s^rasiasjE-ej^s^^fc^, m^xnm^nfx^ w^r^-r^— 
h^mmvtct^ m^>^-YAi\n\\nmmwife&*j&^:Xiz, w^r> 

[0077] T/V^y^M, 0»Rf£, -^hy^M*. @#:(970kg/m 3 ) «f*(760kg/m\ 800 
°C(l073K))(Dj:bMc7)^22%^^:#V^^, ^@B#^^^V\ ^(Dfctf), 

iknxnmir%^bx±TXfa<Dmmfrftm£Kh®&&x&z 0 
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k*5fafefeMXfoZ> 0 
[0078] (»|2) 



[oo79] tffiEM^e^, mn#x&m$:irz>ftijb<Dmntfx&ifcmm. w&nmm.^fc 

[0080] jf-m&(D£o ^ mmmimnmm^immmm^^mw^mx^ mmnm 
i<Dmm^mmmm(Dmw^mxvh^^mmx(D^-fmm^mmx 

wirmx^ mftmm^wMm&mm^x\s^fc&, ^m-tmm^mm 
x%z>o *fc, mn^^m^m^hmnmimm^^mmcDm^mx^ 
m.mRmx^%3-tmm*k&*k^ir\<\ wtc^, mn^tmir^m^m^ 
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[0081] an (a) icmirffim-?i±. i#miiouzmiio2&£ti, wmmuo2frt>mm 

[0082] mn (b) teTfrtmm-zti. nMRmfcv^imiioetmQttftbtix^xmm 
m^tt) $o£xf t&ifa no i zm^^xmnwi i 1 04 mfefr iri <£>*ii»£cfc 

[0083] Bill (c) l^-^MMd-Ctt, *Pftll01©rt«ffiiC«U^©^jeil0735S^$H 
TV vt\ & itt»ff»i^ (H^rf) *3J;tfitfifli lOi&mtebitxmXWii l 

[0084] awt^ftjEEBiift^^iate-rsase^uTtt, 0d*.#, ^©ssrew ^iihe« 
\mmmm^m<Drm^^mm^mmm^mmmmm^mHmc.mmti,x 

zwmumo * mn&K&ti&m&irzizft<D&tim&m&mttiirxi>£\, \ m 

[0085] (^M£H3) 

m^z>mx-hz> 0 kit, tt&m&wtmwuD—m. &£Ttttv&m^it3m3?m 
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[0086] ttflEM^g^, M3|Sf^^^-r§fcJ?)(Dig3|Sf^^i^Sg, Wi^#fflM^iE 
[0087] tflBHJfe^«8ld^3^*3V^, ^Ktt»J±»l^^{-^«9#ttfe^fc^^ 

m*ft<owL&t±. 0^b<«, ic&mtstiZo Ld^ufe^sfe. MiBgsHffiaw 
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*B# s £D*>**-<, rt^3mm»T-eii, WM&frft l O&lffl£tl. rtf^2mm^ 

[0088] (»14) 

[0089] ^miim^m^mA^nx\^mm\^nmnm^^<Di^m^^ y^y^m 

[0090] fb^^a©^ji*T«, mmmmamip) mmmtmrnv^^mm. 

mmm^^mnm^WAu mm^mf±mmm^\H^mir^bx\ mmm 
'<47£vmwm&W!)m£tiz>o ^hvvj±bmvj±(DWMmxi^ mz.i*. ioo°c 

(373K)£JLL, ^L<»300 o C(573K)^X, «t«50*b<fi5OO < C (773K) «±t 
[0091] £*Uc«fc!^ M^l:gSi«lLft«LT, ^^^c^tH^H^-^ 

So 
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[0092] mz. I2l7^fflv^-c, me.JM<z>—' mK^>\^xMd^m^mir^ 0 

[0093] 07(a) iCTjkirX^s i#±®502<Df*|$|tt;ii3\ J^^f-efeSlII^^*701*3j;^^ 

:7V-h702£jf A-TSo 07(b) j^*rj:5^ ^d^yS^^^y^JSW 

[0094] Jfcfc:, 07(c) «WttWJEEH!l!i^501lcJS3|BF^SrS£A-r«^«) 
, ^l<9g|L^^5O5^jmW^I&^M(0^-fri a ) ^SSK-rSo ^by^V^503 

« BBttWff«Hft*8S50 1 SrAp^^B ( W/&£? ) K @ ( ) , W^iW K 
mfc©^, ffi^7H«ESrfi 1 5o JE^HSEgU ^hy^V^50lSrB9CT, ^<9ltL 

[0095] ^fg H e B ©MHTi, J®«506^if ^502^ibJfe ( 9 ffl-To Mt506^ 
J±«r^\ttffiffl/^^5O7j;^i^^5O6^^(D^«^m-f-(07(d)) o 

[0096] ^WteWffiW^^ 

[0097] m<nWtem&m&fi'To mmifxmmmmou 

mm-r&mmmm&mx-Zo ^mMmo2(Dma^ xh^/vvy>io5tv—? 

S*£*l/TV^ 0 J^^f^^#t^i-§/c46(Z)^/^^114«k, 

103£i*. §I«3HtUSP^108^J:«J§Il31(rt- -i!^-e^ 0 «B9tt»JEEWfMl^l03© 
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[oo98] m3\^ ^mwtDm&mmM^mtDMtvmmm&m&^iTo m^<D£?\^ m 

ot t— ^3 1 1 £^ib*/&£;h^mM^gaM£;ru i^m>?f 3 1 2 lawagfi^^ 
[0099] mi2K, *ftw<Dmmmm(&£btt<Dm(nm<Dwmm&m&&ir 0 fc*5, mi 

2l!l*3VvT\ 03i:l^— SP^lCttlU— ^Sr#b-CV^„ ^IEW315^[H««3 
14##!9tt»*kh/rv^<BK:ftfcT,^ 

o 

[0100] *!6W©K^g©$fel3:^©ffi©0!I©«Eie«^0Sr^-t-o mi 

\mn^w^m<Dm^^mn3i7^m*)Hnhfix^^b, ^xxf^y^ 
/^307Kftx_x, )±^mmmi8^mm^308^vxmmhtix^^^b 
smn^ mi2(Dmmbmmx&z> 0 
[0101] ^*d\ mi2$5£x?mi3<Dm&mm\z.^^xte, mmmmmammm^mmm 

«316©0tett«B#©T«P«\ l2l4t^i- < t5^#*^^U St*R318Sr_h©^cBI 

mmn3i6(Dmmw&Tfab&tcm^mx&z> 0 

[0102] H4ic % ^Mo3tt3t36«©$fe^*©te©^®«ii^^ig^^- 0 M^f^#t 

, W^i^406*5J:TJ«W^^406^^ibi-5^»^«Sr#^5 o JBE^7flliSS407 
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<Dpm\zx&. mm*4iit\i—?4i2bfrbnm£n%mm<mmmt$fh, mm&4i 
-■^K^wx^^x^f^f^^mtf^o mmTtm^mmMKMi^x^fj: 

^m^m^Mi}±Mm^40l^\cmA^tiX\^m^a^^hy^Vvy"403 

<dx\ mmm^mmmnx^ mm&i)±umM^4om, 
tb, i^j$iF406^fo%^<D^mzmmi-%~b&x%% 0 m4iz.^-rmmz. 
;^-c, 4i4temmmw&^~r 0 
[0103] msk, ^mM&m^m^bKwm&m&m^m&m&Tjkire m^<Dx^K 

mmmo9 1^-^ 510 t^bmm^n^nummm^n. mmnsi 1 i-xvum 

&ft\<D^fa\z.mwi~rz>z.bi£x%z> 0 
mmw i 

[oio4] mi(D9mmm&m^x^ mmmimm^^mm^tc 0 rn^rnia^ m2K^ 
-rftm&m^tco mmmamwmMmo3\a-i, sus3i6^fb#$c$ti^^w 

^§ff£rffll^c 0 UlM7um20UZ.n, Ga3g^, T/V^y^M202^tt, Na3g£ffl^ 
fc 0 ^^V— h203^», ^T-rTS^aS^1020 < C(1293K) — 1100°C(137 
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3K) Kt£Z>£5\Z.tt\1&UZ<Dlb. hV^/^tfVVMTMG) tNH b&&ffi.±K&f&r 

3 

^102^25^ffi(25X 1. 01325 X 10 5 Pa) KBtfeV. WMtf^WMtf^WifeW: 

[0105] W^aS^#M«^i^i«9»«^±^rti-?f^U W^104^PP(D^ 
fa^M^T, III^^b^l^#:©^^^^bfc 0 fiffBWj£M£850 o C( 
1 123K) „ 850°C (1 123K) t?<D^^#ffl^CJE^7Sr50^CJEE (50 X 1. 01325 X 10 5 P 
a) £Lfc„ 

[0106] mm&mmzti, ^^^m^<DB.^mrir^(D^m±ir^t^^ 

f|5^108^M^^^Sl01^^b,^^W^^103^M^^^Ab 
, ^^V^W^103rt(Dj±ij^r50MJ±(50xl. 01325 X 10 5 Pa) i£igSELfc 0 

[0107] ^«NF^30^^^LTlmmJf:(D^^^S$^i^^-e^o TO^lb 

msx^mmx^^ ^^-ht^x^son mxmm^mmir^t^x^ 0 

[0108] ^mmmx^ m mvmmum^co ft^fcm&^u ^ mvmmmm^ 

^mn^m^mmtmm^^x^m^mm^tcMK-D\^xm.mir^ 0 
[0109] *i\ PMtmv&7. 5xio-Hvvwv)<Dmm\±mj±mm&m%m\<\ 

^b#;^H e B^itbfc 0 Ga^o^tJ^NaOffMBtO^aSTl^, 27°C (300K) ^bfc 
o 'Oi^VX (P/l. 01235X10 5 ) X (Tl/T) >(X/2a) X22. 4X2(^T? 
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, V=7. 5X10" 2 (y5/h/H,Tl = 300(K) N ^fIJ^(Dj^:^-Ma = 69. 723, MMM 
1£<0, W^B#<Z)#HMi±^;P = 50Xl. 01235 X10 5 (Pa), Wj?£S.jST= 1 123 (K 

, W*»(50^U£, 1123K)(D^|3tt»J±»B^rtO^^)f«(7. 5X10" 2 y 
^h/v)^ PSCffi, 300KWflq»^$|}f-r3^ *tny^h/vi:^o 1^U±, 30 
OK(D#ffltTt\ Ga3g(0. 043^/V)^^i-^fcfe^^i:$^^*4«, G 
a+l/2N -^GaNj;(9, #tlO. 5VvY^(22. 4X (0. 043/2) X (300/273) =0. 

2 

53)-X?&% 0 ^(DfcJsb^ Ga3gi-^T^£0£Lfc^^3ol^ MttWJE»if»t£ 
ft<D^50%cD^t^^£;iv^^^ 

M^, 25^UE(25X 1. 01325 X lO'Pamfe^, }±±imWH^-50%t^ o W 

&^^?Y\Z.-e%tz. 0 fcfcUVX (P/l. 01235 X 10 5 ) X (Tl/T) < (X/2a) X 
22. 4X2m Wj&^ffi^^;*;^, t»<DW/£^fe^C, Jttl£XT<D)& 

[oho] #cm, pw^waso. 2 0>yh/p)(D^mnm)±umm^m^\ w^^p^ 
mw&Mi&m^fco G a &£TfNa<Dnmim<DnmTm, 27°c(3ook) t\^tc 0 r 

CD^-g\ VX (P/l. 01235X10 5 ) X (Tl/T) > (X/ 2a) X22. 4X5(^t\V 
= 0. 2(y?/lvV), T1 = 300K, ;W^<DjJ§CT-*a = 69. 723, H3t{?!jl £<9, 
R#<D#H^J±^P = 50X1. 01235 X10 5 (Pa), W^U^T= 1123K, ^#£^3 

^-)A0iix=3(g))^5 o rr-e, ^V^-^-r/WKD^MiJt-J:^, Wj^B#(50 

H23K) (D&m&mfrMWt&^ft^m&fcmio. 2y^h/v)^, i^j±, 3 

OOK.XCDWmK^M'T^t, m2. V)vY/Vbt£Z> 0 */c, tff3it!(Di:*3«9, 1^J±, 300 
K(D#ffl^T-e, Ga3g(0. 043^/V)^m#i-^fcfe^Si:^^S*S«, ^0 
. 5Vvh^X&Z> 0 Wfctf), Ga3gi-^T/^££j£bfc^1ifCjo^-C, ^MttftJift 
§»^rt<D^20%<D^/^Jt£;ft, ^MtfflffiiM^F*I<D850 o C (1123K) 
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X<Dfct)t£, 40^U±(40X 1. 01325 X 10 5 Pa)@fc^(9, JEE^J^ib«-20%^ 
KZ>3&fW>/Js*<fc«J, ^^i^^iSttfc, ^<£>^&^ Ga(D 

t©t^VX (P/l. 01235X10 5 ) X (Tl/T) >(X/2a) X22. 4X1 
0£&5 o ) 

coin] mz., fo&mgv&o. 4(vvwv)(D%mmftij£wm^$:m\<\ 

WI^^MitLTCo Ga*5J;t5Na<?5#a^<?5iaSTl«, 27<C (300K) £Ut> - 
©i^VX (P/l. 01235X10 5 ) X (Tl/T) >(X/2a) X 22. 4X10(^-C\ 
V=0. 4(yyh/W),Tl = 300K, ^fy^A«©Jg^fta = 69. 723, ^W(JlJ;<9, Wfi£ 
R#CD#H^U±^P = 50X1. 01235 X10 5 (Pa), Wj$M&T= 1123K, iW^tbS 

^y^A(Dmax=3(g))^5„ rr-c\ *v;v-i/-v;wv©MiJia^ WfiWso 

1123K)(D^Ktt»J±»f^^P fc 3(DS^<D#:«(0. 4yyM0«\ l&JEE, 3 
00Kt?(D#^(^^i-§t, ^J5. 3U:yM^&3 0 ttl3ZtiCD^^o«9 N lMffi, 300 

K©#HMTt\ Ga3g(o. 043^/v)&m9:1rz>tcisbfc ! &^b£tiZ>mmAn, mo 

<Dj±t)U, 45^Cff(45Xl. 01325 X10 5 Pa)@ig^«9, ffi^7^Uj«-10%^«9, 
[0112] GaOiftl^Lt, VX (P/l. 01235 X 10 5 ) X (Tl/T) >(X/2a) 

x22. 4x iot^x^mm\&mnm^(D\H^m^Mir^fM^ mm 
[0113] m3<D$mmu&m^x, mmmtmm-w^mtuto wt^mit, TO306 
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joit^LiO. 04g^V^^<h, ffiijf«^(H^-W)£lOMJE(lOXl. 01325X 
10 5 Pa) ^t£5£U J^»^^#4^#^*^g(Bl^*-f )frb^>U*mm05 

ffl^j±^^r2o^i±(2ox i. 01325 xio 5 p a) t^tc^t^m^mmwntmmti, 

^^^305(D^-^^^^ o 
[0114] ^^r H l40B#rHlt-^bT2mm/f:(D|§^^S$^^^^'e^ o j^ftU-h^b 

[0115] ^*d, 03oM^g^ftx.-c, mi2(DmMmn.^m\^^.tT:\ ^^u^m 

^ofc 0 3;/c, g|3(DM5t^g^'f-t^T, Hll3(DM^M^fflV^-^\ Iff 
[01 16] ^HJg^JTii, *PiEJ®S-^^»«^^$^:§fc>6, ^mM^TO^^ 

[0117] 0»J?tk£, ££>^ TO^tu5iR(DE|lli^bfc3o««^«9#itS'^-e 

tons] mmmm^^^^m^mm^i^ 85o°c, 5o^,j±(5ox i. 0132 

5X 10 5 Pa) (D^ft^-C, ^IRJf-S^it^TOrtliffi^^^— &$0£^/^Cfc 
C9^*fU miU^lsfcS-D&MM&W-tf&^b-C, 850°C. 50^UE(50X1. 0132 
5 X 10 5 Pa) <Df£M£i4fr^h*1%— 50 n m/mmSX±<Df&n^ 
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[0119] B4©3ft3g3£g«TfflvvT\ immttow&Mi&wkuto m&Jffete. mmvm 

IIIJ£7G3fct£Ga5g&\ TA'#]}&miZNa5g&m\t^1tZ.b* Ts^JjV ±M&mXh% 
CaO. 05g£JBV\fc£i\ ^l^U—hfcV7T4T&fo±KJgfrlO iim<DGaN¥m 
frS^llt^T^-h^V^t, *5itFW^M^850 o C(1123K), 850°C 
(1123K)-W^lf#fflMffi^£20^JE(20Xl. 01325 X 10 5 Pa) b\,tl~b£X9\- 

/^7°408{*1000^iiE(1000X 1. 01325X 10 5 Pa) fcfc ^J&bfc^tte&oTV ^ 
S/cfe,^$|S^404W^^^/V^401^JM»^W*^g405^^«9il$-f 

^ N ^^3^^4oi^«j$^^^w^-t-§^^^Br^-c^o^i 0 

[0120] ^0#r H l3OR#r H 1^^LT2mm^:(DM^^S$^r^^-c^ Co itfiftSrJglbS 

*mmmx^ mmmmmmmm^ttnbi,x4>-^*^&m^^tL<DX\ mm? 

5 

[0121] m5<Dwmmm%:m^x^ \\mmmm&&*wmj^ mtjrmaz. m7i& 

M70l\Z.\i, Ga£, ^TV— h702^te, ^:7x^TX«±^AlN^e£tv5^ 
[0122] jfcteu W^Mi-#^i-sr^^J;^^«^TOrt^?f^L, W^508^^|l 
^ 300°C(573K)*-ej®^^USl^T$-fr, ^H#^ 
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mMm 6 

[oi23] H4©5K§s»srfflv^, mmm\M^i&&*m&uzo m&ftmaz. mio\z. 

001) Kit, T/K-ttSiR&Ri^lto lim^K^ Ga40g£\ T/l^y&JRfcfS, N 
a50gMV^c o y-yzfy— M003l!lH\ l^x^T^Rii^ff^lO M mOGaN^ 

— itti^lOOlcDfiffiCTb-C^iiltcl^mLfCo 
[0124] jfcfcl, W^aSt-#tai-^^^i«9»«^±tf±^rtt-?f^b, W^406Sr^cPP 

°C (1 1 23K) „ 850°C (1 123K) "t?(D^^#ffl^tJE^S:35^tJEE (35X1. 01325 X 1 
0 5 Pa) £Lfc 0 

[0125] 5oi^rasia3©EE-c^§*fc«, mmsremm&Tifx, ^y^y—h^mmv 

[0126] W_Lf&BflUfcJ;5^ #3§§mcJ;*U^ »«<^«#^^^^^«9^ i*©^g^ 
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[i] mn^mnmt^ft^x^m^^m^^^m^^mm. 

ummmt, mmmmmn^^xMmir^mmm^mmmmmt^ir^m 

(Dmn&AtixM)±mmm<Txmmu wm^mmMmmm^mu mm 
mmmmKx^xmmm^Mmvmm^m^mn^mm^xmnm^mm 
u ^(D^mxmmmnm^mw^m^hmmmn^tmmm^mt^K^^: 
xm&gk&}&n^%m^imM<DwmjT&ko 
[3] mmm&&ffiW}*rz>zb <q mmmfMmmwvt^ hmmm.n^tmmmm- 
mt^Rjt^xm^Mi^M^mMmmm^m^^o 

(B) c-^*« 

(C) t^:tV— h 

(D) !«^<D^B 

[7] fiiiB^ffi<D»m 79y^J^3|SfSr^tpf»^2|Em^®i5t^«feo 

[8] ffrfB^M^Mit^M^, ^fe^M^^^M^b, StrlB^^flfc^JK^^A 
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[12] ttfiE^^M^©^^ £bKmntfxm&mm&^u fftmmwtfxm&mm 

[13] mmmn^f^K m.m^xir>^T(D^<th-^^m^ mm^m^ 

-^(D\\m^mb77v?^mM^^ mmmnm^x^^n^w^^K mm 
mtm w^Mix&zm Mm 1 1 ^m^m^m 0 

[14] ifrm^yf^WMfiK T/^%V&m&£XFT/i<*y±M&m<v&te<bi>—j3$:*£ 
[15] tfflB^^rt^, M^^AlGaln N(fc/cU O^u^l, O^v^l, O^u+v^l 

u v 1-u-v 

)xm^n^mi^m^i-^^u-~h^^ ^mm^nxi^mMmi3mm^> 
[i6] tutE^^^r, mm^^—h^mm^com^wMm^m^. » 

[17] ttriE^rt^TO^iSKtu ftme^^v-M^ w^T>zfu—Yxm, m 
m^<Dmm^m^m^xfc^mxmu^nx^^m^mi5mm<Dm^mo 
[is] tirfE»«^^ Mmuvt^^—Hmvx^nxmc&mir%£5\z.Mmm 
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[19] f^i^f H ©MHTt, tfi&m&frtb, &ft<bhmm79y?xmn%m 
[20] mm^m^mmwtfK ^<thm^^^x3-i-w^^, ^onmum 

t)K lOOX: (373K) J^±-efe§ff5j<lll9fB«(DM^&o 
[21] mmiJUf&U&tiK 100°C (373K) ^ftx.T300°C (573K) ^±^fc5fif 5£ljC20fE 

[22] mmiJUf&n&tf, 100°C (373K) ^ftx.T500°C (773K) ^_h-e$3§ft^il20fB 

[23] ffffElII^^^^^B^ft^-h^, 30 ix m/B#^^-h-e^ff Ml3fB<fe 

[24] mm\\mm.\\^m^m^(Dim^—Yi^, 5o»ui/mm&s±^fo%mMmi3tm 

[25] ttrfEIII^«^M^^SW-h^ N lOO M m/0#r B m±-e^ff^iI13fB 

[26] if|fB^^rt(DBijfBJ®^(-^(Dj±^^, 5^ff(5Xl. 01325 X 10 5 Pa) J^_hlOOO 

MffClOOOX 1. 01325 X 10 5 Pa)^T"efe ; 5ff5ft 3 S2fB<!c(^M3t^'^o 
[27] ttf|E»^Mrt^, ^tfc^f^^^$ttTV^§M^^2|B^<D«^feo 
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